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EXECUTIVE SUMMARY

The Department of Energy, through its hydro-
power program, is studying environmental miti-
gation practices at hydroelectric projects. The
study of environmental mitigation practices is
intended to provide greater understanding of
environmental problems and solutions that are
associated with conventional hydroelectric proj-
ects. This volume examines upstream and down-
stream fish passage/protection technologies and
the associated practices, benefits, and costs. Fish
passage/protection mitigation technologies are
investigated by three methods: (a) national,
regional (Federal Energy Regulatory Commis-
sion regions), and temporal frequencies of fish
passage/protection mitigation are examined at
1,825 operating and conventional (excludes
pumped storage) Federal Energy Regulatory
Commission (FERC) regulated hydroelectric
sites in the United States; (b) general fish pas-
sage/protection mitigation costs are discussed for
50 FERC regulated hydroelectric projects; and
(c) 16 case studies are used to examine specific
fish passage/protection mitigation practices,
benefits, and costs.

MITIGATION FREQUENCIES

Upstream Fish Passage/Protection.
Nationally, 9.5% of the 1,825 hydroelectric sites
have some type of upstream fish passage/protec-
tion mitigation in place. This frequency varies
regionally; in the Chicago region 2.2% of the 232
plants have upstream mitigation, and in the
Portland region 22.5% of the 306 plants have
upstream mitigation. Temporal trends of hydro-
electric plants with upstream mitigation range
from 11.4% for plants licensed during the
1970-1977 period, to 8.5% of the plants licensed
during the 1986-1993 period. At projects with
upstream mitigation, fish ladders are the most fre-
quently used methods (62%). An assortment of
other methods are also used, including trailrace
screens and bar racks, trapping and hauling, fish
lifts, bypass canals, and navigation locks. Multi-
ple methods are sometimes used at individual
sites.
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Downstream Fish Passage/Protection. At
the 1,825 hydroelectric plants, nationally 13.0%
have downstream fish passage/protection mitiga-
tion. Regional frequencies range from 0.0% in the
Chicago region to 22.5% in the Portland region.
Temporal trends for downstream mitigation range
from 5.1% of plants licensed during the
1970-1977 period to 17.6% of plants licensed
1986-1993. For plants with downstream mitiga-
tion, screens are used at 58.2% of the plants,
bypasses are used at 27%, angled bar racks are
used at 16.7%, and an assortment of methods are
used at 18% of the plants. The percentages sum
greater than 100% as some plants have more than
one type of downstream mitigation method in
place.

GENERAL FISH PASSAGE/
PROTECTION COST
INFORMATION

The 50 FERC regulated plants use diverse miti-
gation methods including fish ladders (81% of
plants with upstream mitigation), bypasses, trap-
ping and hauling, fish lifts, barrier nets, penstock
screens, and other screens and methods. The
upstream mitigation capital costs range from
$1,000 for a fish ladder at a 5 kilowatt capacity
plant to $69.2 million for two fish ladders at an
881,000 kilowatt capacity plant. Downstream
mitigation costs are similarly widespread. For
example, a 40 kilowatt capacity plant reports
using an angled bar rack at a capital cost of $500,
while a 4,900 kilowatt capacity plant reports
using an angled bar rack at a capital cost of
$2.6 million. Study, operations and maintenance,
and reporting costs for upstream and downstream
mitigation at these 50 plants also exhibit signifi-
cant cost ranges.

CASE STUDIES

The 16 hydroelectric projects used as case
studies range in capacity from 0.4 to 840 mega-
watts, with a mean capacity of 146 megawatts and




a median capacity of 15 megawatts (Table ES-1).
Out of the 16 case studies, which are located in
eight states, 12 have upstream mitigation and 14
have downstream mitigation in place.

Upstream Mitigation. At the 12 case studies
with upstream mitigation, 10 use fish ladders
(three projects have two ladders each), two use
fish lifts, and one project uses a fish gate and
bypass notch in the diversion weir. One case
study has a ladder at its diversion dam and a fish
lift at the powerhouse. Twenty-year total costs
range from $75,000 to $46.1 million and costs per
kilowatt-hour range from 0.05 to 10.6 mills. Half
of the case studies have been successful at meet-
ing their stated goals; others have not been moni-
tored, or factors such as low stream flows have
impacted mitigation success or impaired monitor-
ing efforts (Table ES-2).

Downstream Mitigation. At the 14 case stud-
ies with downstream mitigation, five use
bypasses or sluiceways, and nine use screens. Of
those that use screens, three case studies use
power canal screens, one case study uses eight
cylindrical screens set on the penstock intake
manifold, three use penstock screens (punched
plate, Eicher, inclined wedgewire), one uses sub-
merged traveling and vertical barrier screens, and
one case study is replacing its horizontal traveling
screen with an inclined wedgewire screen. The
inclined wedgewire screen has an airburst clean-
ing system. The cylindrical and penstock wedge-
wire screens both have airburst cleaning systems.
The 20-year total costs range from $48,000 to
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$96.2 million, and the costs per kilowatt-hour
range from 0.04 to 8.7 mills. The majority of the
case studies have no downstream monitoring pro-
grams, but three of the case studies have invested
significant resources to quantify goals and to
monitor the success of meeting mitigation goals
(Table ES-3).

CONCLUSION

Forecasting if fish passage/protection mitiga-
tion will be a requirement at hydroelectric sites is
not a probabilistic exercise as so many site-
specific characteristics (i.e., fish species present,
migratory habits, local values, physical obstruc-
tions such as waterfalls) make each hydroelectric
site unique as to the probability of having a spe-
cific mitigation need. These mitigation needs are
often met with specific technologies (fish lifts,
trapping and hauling systems, or fish ladders).
Once installed, the monitoring of mitigation per-
formance is often not a requirement. Because
there is frequently little information available as
to effectiveness of specific mitigation technolo-
gies, determining new mitigation requirements
(which can require significant economic
resources) can prove to be an arduous process.
This study provides information describing both
historical and current mitigation efforts in the
United States. The case studies provide detailed
illustrations of mitigation practices, allowing
readers involved with fish passage/protection
mitigation decisions to understand the resource
and economic requirements and ramifications of
mitigation choices.
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